BACKGROUND: Colorectal cancer (CRC) is the third most common incident cancer and the second most fatal cancer in Canada. Flexible sigmoidoscopy (FS) is one of the modalities under consideration for CRC screening. The present series reports on a screening program of FS performed by nonphysician endoscopists in a Canadian community setting, with video review of procedures by physicians and recommendation of follow-up colonoscopy where polyps are identified. RESULTS: Five hundred twenty-five, average-risk, asymptomatic patients were examined. After exclusion of inappropriate referrals, 488 remained for analysis. The duration and extent of examination were comparable with those of previous studies elsewhere. Compliance with suggested follow-up was 97.3%. Polyps were identified at FS in 15.4% of examinees. In 8.2% of patients, the polyps were neoplastic at subsequent histology. Four malignant lesions were detected, all at an early stage. There were no complications of FS.
I
n Western countries, colorectal cancer (CRC) is one of the most common malignant diseases in men and women. It is the second major contributor to cancer mortality and the third most common incident cancer in Canada. The case-fatality rate is 50% (1) (2) (3) (4) (5) . Most cases of CRC originate from benign adenomatous polyps (6) (7) (8) following an approximate dwell-time of 10 to 15 years (6, 8, 9) . A reduction in the incidence of cancer has been reported following polyp detection and excision (10) (11) (12) (13) (14) , implying that CRC is a preventable disease if identified by screening at the premalignant stage.
Most of the controlled evidence favouring screening comes from studies using fecal occult blood testing (FOBT). Three frequently cited randomized FOBT trials suggest that CRC mortality reductions range from 15% to 33% (15) (16) (17) (18) . However, this modality is plagued by sensitivity and false negative concerns, with a reported inadequacy in its capacity to detect adenomas and cancers (19) .
As a result, interest has been directed at endoscopic screening, including flexible sigmoidoscopy (FS). While evidence exists to substantiate the screening role of FS in detecting and reducing the incidence and mortality of CRC (14, (20) (21) (22) (23) (24) (25) (26) (27) (28) , there are few controlled data in this regard. Endoscopic screening is hampered by cost concerns and a short supply of adequately trained providers. It has been shown elsewhere that nonphysicians can provide FS as efficaciously and safely as can specialist physicians (29) (30) (31) (32) (33) (34) (35) , potentially increasing availability and reducing delivery costs of the procedure.
To determine the feasibility of nonphysicians performing FS in a Canadian community setting, we report on a group of consecutively screened, average-risk patients 50 years of age and older, in whom all FS procedures were carried out by nurse-endoscopists, with video review done by specialist physicians. This is the first study of FS by nonphysician personnel in Canada and one of the few in a community setting. FS was performed using the 70 cm Olympus flexible video sigmoidoscope EVIS-CF 1405 (Olympus America, USA) and Sony SVO 9500 MDP videocassette recorder (Sony, USA) by two trained gastrointestinal assistants (GAs). Training included study of the anatomy and physical assessment, followed by supervised practice on a model, then live procedures with assistance. Once judged competent by the specialist physician, GAs carried out independent examinations, with approximately 50 training procedures necessary to achieve the required expertise to operate independently. All screenings were videotaped, and following a review by the supervising gastroenterologist, a report was sent to the referring physician. The identification of polypoid lesions at FS prompted a recommendation that the patient undergo colonoscopy. Some instances required a reminder to the doctor that the patient did not return for follow-up. Local regulations did not permit GAs to perform biopsies. Polyp size was estimated visually and confirmed at the time of polypectomy.
PATIENTS AND METHODS

RESULTS
The average extent of FS was 52.9 cm (SD±12.1 cm) (Table 1) , and the mean time from insertion to removal of the instrument was 8.4 min (SD±3.9 min). Five hundred forty patients were referred for screening with 525 actually presenting, giving a compliance rate of 97.2%. In spite of an information brochure, some patients were inappropriately referred with a family history of CRC (32) and an age of less than 50 years (5). Those patients were excluded from the analysis, which was limited to 488 appropriately referred patients. The mean age was 62.2 years (SD±8.2 years) with an age range of 50 to 86 years. There were 266 men (54.5%). There were no complications resulting from FS.
Polyps were identified at FS in 75 patients or 15.4% of the study group. Of these, 73 (97.3%) patients appeared for follow-up, which consisted of colonoscopy in 71 patients and repeat FS with biopsy in two patients. Of 71 colonoscopies, 69 (97.2%) were complete to the cecum. Tissue was not obtained in one colonoscopic examination where a patient with a small polyp was inadvertently maintained on anticoagulants at the time of examination. Histology was, therefore, available in 72 patients, 68 of whom had total colonoscopy. There was one complication of colonoscopy, consisting of bleeding following hot biopsy of a hyperplastic polyp, requiring a 2 U blood transfusion and repeat examination to achieve hemostasis endoscopically.
Forty people (8.2% of the group), for whom histology was available, had a total of 50 neoplastic polyps identified at FS (Table 2) . A further 12 polyps were identified at colonoscopy above the extent of FS in this group. Twentytwo patients had hyperplastic polyps at FS, and in 10 patients the polyps identified at FS could not be located at colonoscopy. In these 32 (6.6%) patients without neoplastic lesions within reach of the sigmoidoscope, a total of five neoplastic lesions were identified proximally at colonoscopy. One of these lesions was a carcinoma of the appendix. A total of 23 advanced neoplastic lesions (polyps containing carcinoma, at least 10 mm in size or with villous component) were found in 19 (3.9%) patients. Four (0.8%) patients had lesions containing carcinoma. None of these were more advanced than Dukes' stage A.
INTERPRETATION AND DISCUSSION
There is general agreement that screening of asymptomatic, average-risk people for CRC is beneficial. Current controversy revolves around the relative cost and effectiveness of various screening strategies, and the level of funding available. While controlled trials show a benefit from annual or biennial FOBT with follow-up colonoscopy, this strategy is beset by issues of test sensitivity, specificity and compliance with repeated testing (15) (16) (17) . These trials indicate that FOBT detects only 50.0% of CRC in patients who are tested and that the compliance rate of approximately 50.0% with repeated testing lowers the overall detection rate to 25.0%. Furthermore, because FOBT has a limited capacity to detect adenomatous polyps, CRC incidence in the screened population is reduced by a modest 20.0% (36) .
Endoscopic approaches to CRC screening appear to be much more effective than FOBT alone, not only in cancer detection, but also in cancer prevention by the detection and removal of cancer precursors. While there are no relevant controlled studies, colonoscopic screening is accepted as the most effective strategy, with a predicted reduction in CRC incidence and mortality of 75.0% or more (37) (38) (39) . However, colonoscopy has several limitations. First, compliance with colonoscopy in unsolicited populations has not been well studied. The public may well be deterred by a relatively invasive and complex procedure. Second, widespread application of screening colonoscopy requires a large number of highly trained specialist physicians and a sophisticated setting. However, the required number of skilled colonoscopists and venues are not available in this country. Third, the high front-end cost of universal colonoscopic screening may well be unacceptable to funding agencies, even if cost effectiveness appears to be favourable.
FS is predicted to have an intermediate benefit between that of FOBT and colonoscopy (37) (38) (39) . Several studies, although poorly controlled, suggest a major reduction in CRC incidence and mortality in patients undergoing sigmoidoscopy, even the limited rigid examination (20, 21, 27, 28) . A single, small, randomized trial reported that FS with appropriate follow-up colonoscopic polypectomy is highly protective against CRC occurrence and mortality, with 80.0% fewer cancers and 67.0% fewer CRC-related deaths in the screened population (40) .
Currently in Canada, FS is carried out exclusively by physicians, mostly specialists. While cheaper than colonoscopy, FS is relatively expensive with physician operators. Several studies from the United States, generally in academic environments, have clearly shown that nonphysi- cian personnel can carry out FS as effectively and accurately as specialist physicians. The extent of examination, polyp detection rates and patient acceptance have clearly not been compromised (29) (30) (31) (32) (33) (34) (35) . A review of the available literature concludes that nurse-endoscopists can effectively and safely carry out FS (41). Our program confirms that such is the case. It is the first such undertaking in Canada and suggests that the strategy is feasible in a community setting and, therefore, applicable on a widespread basis. The yield in our subjects of 0.8% for persons harbouring malignant lesions and 8.2% for the presence of any neoplastic lesion is in keeping with the rates reported elsewhere for both physician and nonphysician operators. The extent and duration of the examination are also comparable with those reported in other studies. Furthermore, the compliance rate of 97.3% with follow-up colonoscopy is excellent, indicating that our screened population is accepting of this strategy.
The rate at which colonoscopy was recommended in our program (15.4%) is relatively high. Unfortunately, our nurse-endoscopists are not currently permitted to do biopsies. Had they been able to do so, and only patients with neoplastic polyps advised to undergo follow-up, the endoscopy rate would have been reduced by 44.0%. Because our results (Table 2 ) and others' suggest that neoplastic lesions are found in the proximal colon less frequently when polyps identified at FS are non-neoplastic, the addition of polyp biopsy at FS will likely prove to be cost effective. It should be noted, however, that this strategy applied to our series would have resulted in overlooking one of four lesions containing malignancy. At the present time, we are applying to the appropriate regulatory bodies to permit sigmoidoscopic biopsy, stressing that forceps biopsy does not detract from the overall safety of the procedure.
There are no analyses of the cost effectiveness of various screening strategies in the Canadian setting. The price tag of the primary screening intervention is a major determinant of cost effectiveness because that intervention is applied to 100% of patients screened. In Ontario, physicians are remunerated approximately $55.00 for FS, exclusive of any visit or consultation charges, with an additional $20.00 for biopsy of suspicious lesions. A nurse-endoscopist is salaried at a rate of about $30.00/h, including benefits. At two procedures per hour and a biopsy rate of 15.0%, a physician-endoscopist with a nurse assistant will cost $73.00 per FS, whereas a nurse-endoscopist with a nurse assistant will cost $30.00. The significant savings using nonphysicians will likely favourably affect the cost effectiveness profile of FS, particularly because there is no demonstrable loss of quality.
The relative cost of various modalities in a given jurisdiction will also bear heavily on cost effectiveness comparisons. Models from the United States and Italy, using markedly different cost bases, suggest that cost per life saved by FS and colonoscopy is about equal (37, 42) . These models are predicated on physician-endoscopists in all instances and generally assume that the procedure takes place in a hospital setting (43) . There is a great need for cost effectiveness studies in Canada to help the funding bodies determine what level of support they wish to provide for CRC screening. Our program indicates that FS can be carried out effectively by nonphysicians, thereby lowering the cost and enhancing the cost effectiveness. Furthermore, the issue of overall physician-endoscopist shortage might be overcome, as may be the question of provision of services to less populated areas, if nonphysician labour can be substituted. Also, FS, because of its excellent safety profile, can be carried out in a nonhospital setting with minimal supporting equipment. Comparisons of in-hospital and out-ofhospital costs may further lower the financial burden of providing FS on a widespread basis.
In summary, our ongoing program has shown that FS by nonphysician personnel with physician video review can form the basis for successful CRC screening in a Canadian community setting. This strategy should be included in much needed cost effectiveness models of CRC screening in this country and elsewhere.
